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Interacting parenting thoughts and behaviors, supported by key brain circuits, critically shape human infants' current and future behavior. Indeed, the parent-infant relationship provides infants with their first social environment, forming templates for what they can expect from others, how to interact with them and ultimately how they go on to themselves to be parents. This review concentrates on magnetic resonance imaging experiments of the human parent brain, which link brain physiology with parental thoughts and behaviors. After reviewing brain imaging techniques, certain social cognitive and affective concepts are reviewed, including empathy and trust-likely critical to parenting. Following that is a thorough study-bystudy review of the state-of-the-art with respect to human neuroimaging studies of the parental brain-from parent brain responses to salient infant stimuli, including emotionally charged baby cries and brief visual stimuli to the latest structural brain studies. Taken together, this research suggests that networks of highly conserved hypothalamic-midbrain-limbic-paralimbic-cortical circuits act in concert to support parental brain responses to infants, including circuits for limbic emotion response and regulation. Thus, a model is presented in which infant stimuli activate sensory analysis brain regions, affect corticolimbic limbic circuits that regulate emotional response, motivation and reward related to their infant, ultimately organizing parenting impulses, thoughts and emotions into coordinated behaviors as a map for future studies. Finally, future directions towards integrated understanding of the brain basis of human parenting are outlined with profound implications for understanding and contributing to long term parent and infant mental health.
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Brain imaging of human parent-infant relationships
Functional magnetic resonance imaging (fMRI) is a non-invasive technique that may be used to acquire data on the brain basis of human parental behavior and thoughts. Structural as well as functional data may be gathered by measuring the physical and blood-oxygen-dependant signals in response to infant auditory and visual stimuli. Thus, brain activity may be indirectly measured as changes in regional blood oxygenation. The differences between a region's oxygenated and deoxygenated hemoglobin, between states of action vs. inaction for instance, provide characteristic magnetic signals localized to millimeters that are detected by scanners positioned around each subject's head. An important caveat throughout the interpretation of parenting fMRI studies, however, is that that brain activity measurements represent an integration of electrical brain activity that may be nearly instantaneous yet the associated blood flow change lags over seconds. Furthermore, experimental design captures brain activity over periods of a few seconds or 10s of seconds. So, on the one hand, short blocks or events may capture briefly held mental states, but miss highly transient or more sustained emotion; while on the other hand longer blocks may capture more complex and delayed brain responses, but also average them out making subtle aspects more difficult to detect. Brain activity during these periods may then be measured and compared between periods of attending to stimuli of interest and control stimuli to generate maps of the brain indicating differences in brain activity that are important for one set of perceptions and thoughts versus another. Building from these techniques, the focus question of this review, which at this point of limited studies remains broad, is whether the complex thoughts and behaviors of parents may be mapped with brain imaging techniques in such as way to confirm and extend findings from related fields and help form and test hypotheses about the normal parenting as well as parenting at risk and affected by adversity such as psychopathology.
A gradually increasing, but still modest number of studies have been published in which parents have been the subjects and infant cries and pictures have been stimuli. In such studies, for example, comparisons of brain activity measured during baby cry vs. control sound, or own vs. other baby stimulus yield significant differences in the functional signal emanating from certain brain regions that may then be said to relate to the parental experience of a the baby signal. Such findings are particularly compelling when the magnitude of the difference is correlated with a measure of associated parenting thoughts and behaviors. Some of the earliest studies had limited subject numbers and fixed effects analyses that do not take inter- 
